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Mi 4669- 1968 

Indian Standard 

METHODS OF TEST FOR 
POLYVINYL CHLORIDE RESINS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 5 April 1968, after the draft finalized by the Plastics Sectional Commit- 
tee had been approved by the Chemical Division Council. 

0.2 The rapid increase in the use of polyvinyl chloride resins is the result 
of their unique properties which vary from soft rubber-like products with 
good tensile and elongation properties to rigid products with high struc- 
tural modulus and excellent impact resistance. Wide variation in hardness 
combined with other properties, such as resistance to many chemicals, 
oxygen and ozone, excellent dielectric strength, fire resistance and ease of 
processing have promoted their use in a broad range of industrial and 
domestic applications. These resins are used in the manufacture of wires 
and cables for electrical purposes, film and sheeting, flooring tiles, PVC 
coated fabrics ( teathercloth ), pipes, injection moulded article* ; etc. 

0.3 In this standard the corresponding methods of test given are essentially 
the same as given in the following ISO Recommendations published on 
this subject: 

ISO/R 60-1958 Plastics — Determination of apparent density of 
moulding material that can be poured from a specified funnel. 

ISO/R 174-1961 Plastics — Determination of viscosity number of 
polyvinyl chloride resin in solution. 

0.4 In reporting the result of a test made in accordance with this standard, 
if the final value, observed or calculated, is to be rounded off, it shall be 
done in accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard prescribes methods of test for polyvinyl chloride resins. 

2. TERMINOLOGY 

2*1 For the purpose bf this standard, the definitions given in IS : 2828-1964| 
and the following shall apply. 

'Rules for rounding off numerical values ( rms$d )• 
fClossary of terms uted in the plastics industry. 



2.1.1 K- Value — is obtained from the following formula : 

, 000 X v — ___ 

where 

Z «■ relative viscosity, and 

i es concentration in g/ 100 ml. 

2.1.2 Viscosity Number — The relative change of viscosity, divided by the 
concentration in g/ 100 ml of the dissolved substance. 

3. SAMPLING 

3.1 Representative samples of the material shall be drawn as prescribed in 
the relevant material specification. 

4. QUALITY OF REAGENTS 

4.1 Unless otherwise specified, pure chemicals and distilled water (st$ 
IS ? 1070-1960* ) shall be employed in tests. 

Note — ' Pure chemicals ' shall mean chemicals that do not contain impurities which 
affect the results of analysis. 

5. DETERMINATION OF LOSS IN WEIGHT ON HEATING 

5*1 Procedure — Weigh accurately about 5 g of the material in a tared 
weighing bottle of about 50 ml capacity and 50 mm diameter. Place the 
weighing bottle in an air circulating oven maintained at 105 ± 2°C with 
its cover half open for one hour. Remove the weighing bottle from the 
oven, put the lid on and cool it to room temperature in a desiccator. 
Weigh the bottle again. Carry out this determination three times. 

5.2 Calculation 

Loss in weight on heating, A — B 

percent by weight ** i — /? x '^ 

where 

A e» weight in g of the weighing bottle with material before 
drying, 

B « weight in g of the weighing bottle with material after 
drying, and 

C «= weight in g of the weighing bottle. 



'Specification for water, distilled quality ( rwfaf ). 



Ms 

3,3 Report — The mean of the three determinations shall be reported as 
the representative value of the loss in weight on heating of the material. 

6. SIEVE ANALYSIS 

6.0 Outline of the Method — This method is used to determine the 
particle size distribution and therefore is useful for determining lot-to-lot 
uniformity of polyvinyl chloride resins. This method is applicable to the 
powdered polymers of vinyl chloride having a particle size larger than 
44 microns. 

6.1 Apparatus 

6*1.1 Sieves — conforming to IS : 460-1962*. 
6.1 .2 Vibrating Device 

6.2 Procedure — Weigh accurately about 25 ±0*01 g of the sample. 
Transfer the sample into a set of sieves consisting of screens of 250, 
200, 150, 100 and 75 microns along with a small quantity of carbon 
black (0*08 g is sufficient). The carbon black helps to eliminate any 
static electricity. Shake the assembled sieves in the vibrating device 
for 10 minutes. 

Nan 1 — Check the tear or hole of screen of the sieve before test. 

Now 2 — The lixe of opening of the sieves shall be examined periodically. 

Nori 8 — Sieves should be of light eonitructlon and 10 em in diameter to facilitate 
accurate weighing. 

6*2.1 After screening, collect quantitatively the residue on each screen 
into separate bottles which have been weighed previously, using a funnel 
and a gende pat on the wall of the sieve. Weigh the bottles with these 
residues. 

6.3 Calculation — The particle size distribution is indicated by the 
percent quantity retained on each sieve. Let a b 9 c, d and e be the percent 
weight in grams of the residue retained on 250, 200, 150, 100 and 75 
micron sieves respectively: 

a) Material retained on 250-micron sieve, ~ a 
percent by weight 

b) Material retained on 200-micron sieve, — a + b 
percent by weight 

c) Material retained on 150-micron sieve, m* a + b + c 
percent by weight 



•Specification for test sieves (mittd). 
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d) Material retained on 100-micron sieve, ^a+b+c+d 
percent by weight 

e) Material retained on 75-micron sieve, = a + b + c -> d + $ 
percent by weight 

7. DETERMINATION OF APPARENT DENSITY 

7.0 Outline of the Method — This method of test describes the procedure 
for determining the apparent density, for example, the weight per unit of 
volume, of loose material that can be poured from a funnel of specified 
design. The apparent density is to a certain extent a measure of porosity 
of the resin particles which affect the resin dry blending characteristics. 
When the method is applied to relatively coarse materials, rather variable 
results may be obtained, owing to the error introduced when a straight- 
edge blade is drawn across the top of the cylinder. 

7.1 Apparatus 

7.1.1 Measuring Cylinder — smoothly finished inside, which may be 
constructed of metal, of a capacity of 100*0 ± 0*5 ml and an internal 
diameter of 45 ± 5 mm. 

7.1.2 Funnel — of the form and dimensions shown in Fig. 1, 

m 



METAL WITH 
SMOOTH INNER 
SURFACCS- 

JLI1> ■ 4. .1X11 i 




Fig. 1 Funnel 

7.2 Procedure — Support the funnel vertically with its lower orifice 20 to 
30 mm above the measuring cylinder and coaxial with it. The sample is 
well mixed before test. With the lower orifice closed by any convenient 
means, place a quantity of 1 10 to 120 ml of the resin in the funnel. Allow 
the material to flow into the measuring cylinder. If necessary, the material 
may be assisted to flow by loosening it with a rod. When the measuring 
cylinder is full, draw a straight-edge blade across the top of the vessel to 
remove excess material. 'Weigh the contents of Ac measuring cylinder to 
the nearest 0*1 g. Two determinations shall be made on the sample under 
test. 
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13 Calculation and Expression of Results 

7 .3.1 Calculate the apparent density of the moulding material under 
test by dividing by 100 the weight of the contents of the measuring 
cylinder, in grams, and taking the arithmetic mean of the two 
determinations. 

7.3.2 Express the result in grams per millilitre ( g/ml ). 

8. DETERMINATION OF VISCOSITY NUMBER 

8.0 Outline of the Method — The method of test describes the determi- 
nation of the viscosity number of a solution in cyclohexanone of poly- 
vinyl chloride resin. The times of flow of the solvent and a solution of resin 
are measured at 27°C by conventional methods and the viscosity number 
is calculated from these measurements and from the known concentration 
of the solution. Density difference and kinetic energy corrections are small 
in this method and are not applied. 

8.1 Apparatus 

8.1.1 Automatic Pipette — of 50-ml and 150-ml capacity. 

8.1.2 Funnel — sintered glass filter funnel No. G 3. 

8.1.3 Thermostatic Bath — maintained at 27 ± 0*05°C. 

8.1*4 Viscometer — suspended-level Ubbelohde type of which the essential 
dimensions are as shown in Fig. 2. Alternatively, any other viscometer 
which can be shown to give the same results may be used. 

8.1JS Stop- Watch — reading to 0*1 second. 

8.2 Reagent 

8.2.1 Redistilled Cyclohexanone — the fraction, distilling between 155 
and 156°C at a pressure of 760 mm Hg, being collected in a brown bottle 
and stored in the dark. 

8*3 Procedure — Clean the viscometer with a mixture of equal volumes 
of concentrated sulphuric acid and a saturated solution of potassium 
dichromate in water. Rinse it then with water followed by acetone and 
dry by drawing through it a stream of air free from dust. Weigh a quantity 
of 0*500 ± 0*005 g of resin to the nearest 0-000 2 g and transfer quantita- 
tively to the 50 ml glass-stoppered volumetric flask. Add approximately 
40 ml of redistilled cyclohexanone, care being taken to avoid the formation 
of lumps, and insert the stopper. The mixture is then warmed for } to 
1 hour at a temperature of 80° to 85°C and occasionally shaken gently 
until the resin has dissolved. The solution is then cooled to 27°C and the 
volume made up to the 50 ml mark. Filter the liquid through the sintered 

8 
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260 TO 290 
125 TO 135 



65 TO 95 

I 





GRADUATION MARKS 
DELIMITING A VOLUME 
OF 4 TO 6 ml 



-CAPILLARY OIA 
0*55 TO 0*65 mm 



-FILLING MARKS 



All dimensions in millimetres. 
Fio/2 Ubbelohde Viscometer 



glass filter funnel directly into Tube A of the viscometer, which should be 
immersed in the bath maintained at 27 ± 0*05°C, to a depth of approxi- 
mately 20 mm above the upper graduation mark and supported so that 
Tube A is vertical. The volume of liauid in the viscometer shall be such 
that, after draining, the level shall lie between the two filling marks. After 
not less than 10 mm, the liquid is blown with dust-free air or drawn into 
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the upper bulb until it reaches approximately the centre of the bulb. Then 
place the finger over Tube B until the liquid drops away from the lower 
end of the capillary. After removing the finger, measure the time interval 
for the passage of the meniscus between the two graduation marks. Then 
blow or draw the liquid into the upper bulb and measure again the time of 
flow. The time of flow of the solution shall be the mean of the two deter- 
minations, which should not differ by more than 0*4 second. The mean 
time of flow of the redistilled cyclohexanone is determined in the same 
manner. 



8.4 Calculation and Expression of Results 

Viscosity number 



t-t 9 

TV 



where 

t » time of flow in seconds of the solution, 
t = time of flow in seconds of the redistilled cyclohexanone, and 
C ~ concentration in g of resin per millilitre of solution. 

8.4.1 The viscosity number is reported to the nearest whole number. If 
the sample has been dried or subjected to any other treatment before teat, 
the details shall also be reported. 

8.4 J Table 1 provides a chart for interconversion of viscosity number 
and K- value for one percent solution of PVC in cyclohexanone. 



TABLE 1 INTERCONVERSION OF VISCOSITY NUMBER AND K-VALUE 
FOR ONE PERCENT SOLUTION OF PVC IN CYCLOHEXANONE 


Vaootmr 
No. 


K-Value 


VdOOOTY 

No. 


K- Value 


VncotiTY K- Value 
No. 


68 
69 

70 
71 
72 


5011 
50*43 
50-76 
5109 
51-42 


83 
84 
85 
86 
87 


54-75 
55-03 
55-31 
55-59 
55-87 


98 58-75 

99 59*00 

100 59-J5 

101 59*49 

102 59-74 


73 
74 
75 
76 
77 


51-74 
5206 
52-37 
52-67 
52-97 


88 
89 
90 
91 
92 


5614 
56-42 
56-69 
56-95 
57-21 


103 59*98 

104 60*22 

105 60*46 

106 60*69 

107 60-93 


78 
79 
80 
81 
82 


53-27 
53.57 
53-87 
5417 
54*46 


93 
94 
95 
96 
97 


5747 
57-74 
58-00 
58-25 
58-50 


108 6117 

109 61-40 

110 61*63 

111 61*85 

112 62*07 

(CmHamd) 
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TABLE 1 INTERCONVERSION OF VISCOSITY NUMBER AND R-VALUE 
POR ONE PERCENT SOLUTION OP PVG IN GYGLOHEXANONE — Cmtd 



VnootiTY 


K-Valui 


VnOOOTY 


K-Value 


VliOOMTY 


No. 




No. 




No. 


113 


62-29 


151 


69.71 


189 


114 


62-51 


152 


69-88 


190 


115 


62-73 


153 


70-05 


191 


116 


62-94 


154 


70-22 


192 


117 


63*16 


155 


70-39 


193 


118 


63-38 


156 


70-56 


194 


119 


63*60 


157 


70-73 


195 


120 


63-81 


158 


70-90 


196 


121 


6402 


159 


71-07 


197 


122 


64-23 


160 


71-23 


198 


123 


64-44 


161 


71-40 


199 


124 


64-64 


162 


71-56 


200 


125 


64-84 


163 


71-71 


201 


126 


6504 


164 


71-87 


202 


127 


65-25 


165 


7203 


203 


128 


65-45 


166 


7218 


204 


129 


65-65 


167 


72-34 


205 


ISO 


65*85 


168 


72.50 


206 


131 


66-04 


169 


72-66 


207 


132 


66-24 


170 


7282 


208 


133 


66-44 


171 


72-97 


209 


134 


66-63 


172 


7312 


210 


135 


66-82 


173 


73-27 


211 


136 


6700 


174 


73*42 


212 


137 


6719 


175 


73-57 


213 


138 


67-38 


176 


73-73 


214 


139 


67-57 


177 


73-88 


215 


140 


' 67-75 


178 


7403 


216 


141 


67-93 


179 


7418 


217 


142 


69H 


190 


7*32 


218 


143 


68-30 


181 


74-47 


219 


144 


6848 


182 


74-62 


220 


145 


68*66 


183 


74-76 


221 


146 


68*84 


184 


74-91 


222 


147 


69-02 


185 


75-06 


223 


148 


69-20 


186 


75-20 




149 


69-37 


187 


75-35 




150 


69-54 


188 


75-49 





K-Valub 



75-63 
75-77 
75-91 
7605 
7619 

76-32 
76-46 
76-60 
76-73 
76-87 

7700 
7713 
77-27 
77-40 
7753 

77-66 
77-79 
77-92 
7805 
78*18 

78-31 
78*44 
78-57 
78-70 
78-83 

78-95 
79-08 
79-20 
79-32 
79-45 

79-37 
79-70 
79-82 
79-94 
8006 
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9. DETERMINATION OP ELECTRICAL CONDUCTIVITY OF 
WATER EXTRACT 

9.0 Outline of the Method — This test is intended to distinguish 
between electrical and non-electrical grades of unprocessed resin. A water 
dispersion of the resin is prepared and the electrical conductivity of the 
suspension measured. The conductivity of the water extract results from 
ionic impurities in the resin which adversely affect its use for electrical 
insulation. 

9.1 Apparatus 

9.1.1 ac Wheatstone Bridge — having a range up to 250 000 ohms, a 
1 000 ± 50 cycle oscillator, and a sensitive null point indicator, with 
minimum accuracy i 2 percent. 

9.1.2 Conductivity Cell — having a cell constant of about 0*5 reciprocal 
centimetre ( 0*5 cm- 1 ). 

9.1 J Wide- Mouthed Flat Bottomed Flask with Ground-Glass Stopper — 250 ml 
capacity. 

9.1.4 Measuring Cylinders — 10 ml and 100 ml capacity (w IS: 878- 
1956*). 

9.2 Reagents 

9.2.1 High Purity Water — having a conductivity of not more than 2*5 
microhms per cm. 

9.2.2 Methanol — see IS : 517-19671. 

9 J Procedure — Weigh accurately about' 5 g of the material, to the 
nearest 0*01 g, and transfer it to a wide-mouthed flat bottomed flask with 
ground glass-stopper which has been previously rinsed twice with high 
purity water. Add 10 ml of methanol in the flask and swirl the mixture 
until the resin is uniformly wet. Add 90 ml of high purity water in the 
flask and close the flask with the stopper. Allow the resulting suspension 
to stand at 27°C ± 1 deg for 24 hours with frequent shaking. Measure 
the conductivity of the suspension without filtration. Make blank deter* 
mination using 10 ml of methanol and 90 ml of high purity water. 
Subtract the blank value from the value of the conductivity of the suspen- 
sion. Carry out the determination in duplicate. 

9.4 Report — The mean of the two determinations shall be taken as the 
representative value of the electrical conductivity of the water extract and 
shall be expressed in microhms per centimetre. If the variation between 
the two values is more than ±5 percent, then discard the values and 
repeat the test. 

•Specification for graduated measuring cylinders. 
fSpecification for methanol ( methyl alcohol ) ( first revision ). 

12 
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10. DETERMINATION OF PLASTICIZER ABSORPTION NUMBER 

10,0 Outline of the Method — This method covers the measurement of 
the amount of plasticizer that a resin can absorb at 27 db 2*C. Plasticizer 
absorption is one of the parameters forjudging the dry blending properties 
of a resin. 

10*1 Apparatus 

10.1.1 Burette— 10 ml capacity (conforming to class A of IS : 1997- 
1961*). 

10.1.2 Glass or Glazed Porcelain Tile — about 250 X 250 x 6 mm size. 

10.1.3 Mould — aluminium or brass, as shown in Fig. 3. 




Note 



-PLATE (PORCELAIN OR GLASS) 
- Tolerance on all dimensions shall be ± 0*2 mm. 
All dimensions in millimetres. 

Fjo. 3 Mould for Plasticizer Absorption Test 



10.1.4 Stainless Steel Spatula — with width and shape to fit mould cavity 
(seeFig.3): 

10.2 Reagent 

10*2.1 Plasticizer — Di-2-cthyl-n-hexyl phthalate ( DOP ), with a density 
of 0986 g/ml at 27 C C ( see IS : 3672-1966t ). 

10.3 Procedure — Fill the burette with the plasticizer to the zero mark. 
Weigh 5 00 ± 0*01 g of the material and transfer it to the glass or glazed 
porcelain tile. Begin adding the DOP to the material from the burette in 

♦Specification for burettes. ( Since revUed ). 
fSpecification for octyl phthalate plaiticiien. 

13 
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0*5-ml increments using the spatula to distribute the plasticizer uniformly 
in the resin. Continue adding plasticizer till the mass shows indication of 
becoming fluid. At this stage reduce the rate of addition of plasticizer to 
0*05 ml at a time and make consistency determination until the end point 
is reached. The consistency determination is done by filling the mould, as 
it rests on the plate, with a mixture and then sliding the spatula under the 
charge. The charge is lifted above the mould cavity with a spatula 
horizontal and the blade then rotated to a vertical position. The end point 
is reached when the mixture first slides off the Wade. Carry out the 
determination in duplicate. 

10.4 Calculation 

Plasticizer absorption, 
parts per hundred ( phr ) =» 19*7 x v 

where v is the total volume in ml of DOP plasticizer used in the test. 

10 J5 Report — The mean of the two determinations shall be reported 
as the plasticizer absorption number of the material. 

11. DETERMINATION OF SULPHATED ASH 

11.0 Outline of the Method — The material is ignited in a muffle 
furnace after wetting with sulphuric acid. 

11.1 Reagent 

11 J .1 Concentrated Sulphuric Acid — reagent grade. 

11.2 Procedure — Weigh accurately about 1 to 2 g of the test sample in 
a porcelain crucible of about 30 ml capacity, tared to constant weight 
after ignition at about 800°C in a muffle furnace. Add the minimum 
possible quantity of concentrated sulphuric acid necessary to wet the 
sample, evenly close the cover of the crucible and heat on the sand bath. 
After cracking and carbonization is over ( see Note ), put the crucible in a 
muffle furnace for ignition at 800°C for two hours. After ignition, cool the 
crucible to room temperature in a desiccator and weigh to a constant 
weight. 

Note — Carbonization is required before ignition since an explosive combustion 
takes place if the crucible is put in a furnace immediately after addition of sulphuric 
acid. 

11.3 Calculation 

Ash content, percent by weight « > „. ' x 100 
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where 

A b weight in g of the empty tared crucible, 

B «= weight in g of the crucible with the sample, and 

C « weight in g of the crucible with the residue after ignition. 

12. DETERMINATION OF THERMAL STABILITY BY CONGO 
RED METHOD 

12.0 Outline off the Method — By thermal stability or thermal life of 
a resin of vinyl chloride polymer is meant the time, in minutes, from the 
moment at which the material is exposed to a given temperature until 
the first sign of decomposition is observed. The mode of decomposition 
is the splitting off of hydrochloric acid. In this, the sample is heated in 
an oil bath to a specific temperature and the time taken for the vapours to 
cause a colour change in congo red paper is noted* 

12*1 Apparatus 

12.1.1 Test-Tubes — of diameter 16 ± 01 mm, wall thickness 0*4 ± 
0*2 mm and length at least 150 mm. 

12.1.2 Glass Tubes — 2 to 3 mm in internal diameter and about 100 mm 
in length. 

12.1.3 Oil Bath — fitted with stirrer and a thermostatic control, capable 
of maintaining the temperature within ±1°C in the range from 120 to 
210°C. The bath shall also be fitted with suitable clamps for holding a 
sufficient number of test-tubes immersed to a depth of 50 mm. 

12.2 Reagent 

12.2.1 Congo Red Indicator Paper Strips— 10 mm wide. The indicator 
paper is prepared by immersing strips of filter paper in a 0*15 percent 
solution of congo red in methanol ( see IS : 517-1967* ), and drying them. 

12 .3 Procedure 

12.3.1 For each sample, at least two determinations shall be carried out 
in two separate test-tubes, which shall be immersed in the oil bath at the 
same time. The preferred temperature of the oil bath is 180 ± 1°C. 
Other temperatures may be used provided that the duration of the test is 
not less than 20 minutes and not more than 5 hours. 

123.2 Place the sample in the test tube and gently shake it down, taking 
care to ensure that the pieces do not form a compact mass. Close the test 
tube with a cork having at its centre the glass tube with a congo red paper 

•Specification for methanol ( methyl alcohol ) (first rtvisvm ). 
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strip 30 mm long and 10 mm wide. The congo red strip is folded or 
rolled at one end, which is inserted into a glass tube. The tube is made 
to slide in such a way that the lower edge of the paper is placed 25 mm 
above the top of the specimen. Immerse the test tube thus prepared in 
the oil bath which is already brought to the given temperature, up to the 
level of the upper surface of the sample. 

12*3.3 The time, in minutes, from the insertion of the test tube in the 
hot oil to the time when the indicator paper shows the first clear signs of 
a change from red to blue, is recorded. Sometimes, with certain stabilizers 
in the sample, the colour change is only slow and not very distinct; in these 
cases, two different times shall be recorded, corresponding to the first sign 
of colour changing from red to violet and to the permanent change from 
violet to blue. 

12.4 Report 

12.4.1 Report the mean of the two determinations. 

12*4.2 The report shall include the following information: 

a) The complete identification of the material tested and, if desired, 
the formulation of the compound and the thermal treatment 
during the preparation of the test specimens; 

b) Test temperature; and 

c) The time before the colour change of the indicator paper, as 
specified under 12.3*3 or in the case of a slow change of colour, 
the two different times as specified under 12*3.3. 
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